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Tl Analog and Embedded Processing Technologies
at The Heart of Any Automotive System

Multiplexers
& Switches

Sensing

Multiplexer
& Swit

Applications

Battery
Data Logic Management
ches Converter

Data Interface Protection

Converter ESD / EMI Power

Management

Wireless AC/DC
Embedded Connectivity
Processing o

<

DC/DC
Power

offffo

Voltage Translation 12C 1/0O Expanders Signal Switches

Technology

W3 TEXAS INSTRUMENTS




Tl Innovation Focuses on Four Automotive Sectors

Advanced driver Infotainment Body electronics Hybrid/electric and
assistance systems & cluster & lighting powertrain systems

B

. : ' . Automatic start/sto
Adaptive cruise control Entertammen't system -~ Security system Battery managemerl?t
Night vision He?‘d"%p display ’*i Seat position control l Electric power steering
Blindspot detection bl Navigation system » Remote keyless entry . .
. - eCall o Engine and transmission
Lane departure warning l’ Lighting control

Safer driving Connected driving Differentiation in lighting Electrification
environment experience and body electronics of vehicles
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EV/HEV Definitions

Combustion
engine

Electric
motor

Gas
tank AE

A. Hybrid electric vehicle B. Plug-in electric vehicle C. All-electric vehicle
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Why high voltage? Why 48V? What’s BAT history?

BAT JECAVAUESKRS 12V (1950 48V (2011
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Market Trends Driving 48V in Automotive

Consensus on regulation target (
.- g 9 Bl o

* Fuel economy 511100 km (117g)
. . " 4,51/100km (106g)

— Enhancing Start-Stop operation faster . B for P Cars

. - : =

— Energy recuperation more efficiency g K- Eﬂ?gifpg
during braking | Y _ | Jpcosmu

. 120 3.91/100 km
* CO2 reduction o e
— Government regulations demanding > N

CO2 emissions to decline sharply ol 40110

» Higher power consumption

— Unable to get power from the 12V
battery

« Comfort during Start/Stop functions
— A/C compressor continuous operation




48V Architecture Overview
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48V BMS IC Selection

« Semiconductor Selection:
v Automotive qualified (Q-100 Grade 1 or 2) part
v Vendor experience in BMS and Automotive markets
v Accuracy (over temperature range)
v’ Strong Built-in Self Test, ASIL-C/D Conformance
v High-speed communications, reliability of data
v Immunity to ESD, EMC (RFI, conducted), BCI
v’ Cell temperature monitoring channels
v’ Balancing support — passive
v Low supply current, especially in Shutdown mode

Wip TEXAS INSTRUMENTS



Direct Voltage Correlation Error for LiFePO,
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The Importance of Measurement Accuracy

Correlation error for LIFEPO,
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"~ “measurement error is 5mV, maximal SOC error will be 3.7*5=18.5%
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48V BMS IC Selection

48V Li-ion battery for high cycling performance, long life

Depending on selected cell chemistry ~ 12-16 cells in series

14 is most common

But many Analog Front End (AFE) ICs in the market are 12 cell devices...

— leaving 10 unused, but paid-for channels, and extra complexity!

The “just right” part would manage 12-16 cells as a single device
— Simplification of design, smaller footprint, lower cost
— Handles todays design and tomorrows
— Accommodates wide range of chemistries from LFE to silicon

— Scalable — stackable for other designs to maximize firmware reuse, minimize qualification costs
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6 Cell /1C Analog Front End (AFE)_

15t generation parts

Typically implemented on single PCB
May use micro + CAN bus per AFE in a
distributed system

Leaves 4 AFE channels unused...

14 LI-ION CELLS
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12 Cell / IC Analog Front End (AFE)

15t or 2"d generation parts

Typically implemented on single PCB
May use micro + CAN bus per AFE in a

distributed system

Leaves 10 AFE channels unused...

Adds unnecessary expense and
complexity

14 LI-IQN CELLS
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16 Cell / IC Analog Front End (AFE)

3d generation parts

Greatly simplified design

3+ fewer IC than 12ch devices
6+ fewer IC than 6¢h devices

~1/2 (or less) the discrete
components of the other designs

Much smaller PCB possible
No hot-plug issues

Reduced EMC issues

No communications problems
Only 2 channels unused...

14 LI-ION CELLS
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Nice Design!
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Why TI BMS for Automotive?

Cos Il cvu [ ey

Charge / Discharge Control

Crash Sensor

Inductors
Current Sensor
Power Electronics

7X Integrated

ams Battery Modules

Blower

Electrical
Center

P&k

Service Plug

BQ76PL455A TMS570

Monitor/Analog MCU

Front End

Cell Balancing

TPS65381A
PMIC

* Tlsupport 16S solutions
* Active and passive cell balancing
* Meets ISO26262 for safety

* >300 dedicated battery design

engineers

* Support from leading chemist and

algorithm experts

» Capability that includes 100%

characterization of all new battery
cells

Current
Measurement

Pack-

16
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BQ76PL455A-Q1
EV/HEV 16-Cell Integrated Battery Monitor and Protector

* Monitors Up to 256-Series Cells (16X16s) « Configurable Monitoring and Protection Features to Suit Multiple
» Operating voltage: 12V to 79.2V End-Applications
* Highly Accurate Monitoring with Internal V « Accurate State of Charge and State of Health

* Accuracy: +3.5mV @3.5V
* All Cells Converted in = 2.4 ms (nominal)
* Eight Auxiliary Inputs
* Built-in Secondary Monitors/Comparators
* Programmable Overvoltage/Undervoltage
» Separate V,for Comparators

» High System Robustness

Low BOM Count for Single/Multi-board Architectures

Efficient Communications Performance

Excellent EMI/EMC/BCI Performance

Can Help Customer Achieve High Levels of Functional Safety

* One Mb/s Stackable Differential Isolated UART (e.q.1S5026262)

» Designed for Hot-Plug Performance ]

- Passive Balancing with External N-FETs and Active Balancing g i it i LI“$ 0 P O i b 2 ¢ sl
with EMB1428Q/EMB1499Q e | SsssssEsEsEREEn 1 1

 Built-in Tests to Validate Defined Internal Functions, Open : SERREREREREEREE - | FIIEFREIREIIRINEE
Wire Detection, etc. e fos
AEC Q -100 Grade 2 W/ESD CDM Classif. of C3

Electric and Hybrid Electric Vehicles (EV, HEV, PHEV, mild
hybrid)

» 48V Systems (Single-Chip Solution)

* Energy Storage (ESS) and UPS
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BQ76PL455A-Q1 Use Models

 Single device mode
— 12V min to 16 cells supported

— VP supplied from bq76PL455A-Q1
regulator

— VIO supplied by MCU VDDIO

OPEN CONNECTOR

FAULT COMM
bus bus

=5

7 CELL PACK

1- SENSE14
2-EQU4

3- SENSE13
4-EQ13

5- SENSE12
6-EQ12

7 SENSE11
8-EQ11

9 - SENSE10
10-EQ10
11— SENSE9
12-EQ9
13- SENSES
14-EQ8
15— SENSE7
16-EQ7

17 - SENSES
18-EQ6

19 - SENSES
20-EQS

TaNov - v [
T1ino-eL [
zanov -zL [
a9 NdN -T2

TdA-0L
£aNOV - 69 [
Z1no-89 [—

ST H4FWA-L9 [

oxnv - 99 [

bq76PLA455

34-VDIG

-1 31-wm
— s2-cHp
— 33-chm

—{ 36-vop18_1

™Y -59 [
XV -9 [
eXnV - €9 [
XNV - 29 [
sxnv 19 [

AUXS - 60
AUXT - 59
V5VAO - 58
FAULTH+ -57
FAULTL- - 56
COMMH+ - 55
COMMH- —54
COMML- - 53
COMML+ -52
FAULTL- - 51
FAULTL# - 50
WAKEUP — 49
GND - 48
GPIO0 - 47
GPIO1 - 46
GPIO2 - 45
GPIO3 - 44
GPIO4-43
GPIOS - 42
VIO - 41

40~ FAULT_N
— TTTTTTI

38-TX
39-RX

| WAKEUP

v

3.3V Reg

BATTERY
BOARD

<+— 30-penp1
<+ 35-pGND2

-
-

<+ 37-penp3

[4

+10%

VDDIO

FAULTn _

Rx ~ -+Tx— HC

TX
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BQ76PL455A-Q1 Use Models

OPEN CONNECTOR

« Multiple device mode arf peow
— Multi-device mode: multiple devices in ST
“single” mode in parallel SHRIH L A

— Integrated Daisy-chain communication
mode

— VP supplied from bq76PL455A-Q1
regulator

— VIO supplied by MCU VDDIO =
N ﬂ IR J;'J,"'

BATTERY
BOARD

bq76PL455

16 CELL PACK

OPEN CONNECTOR
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BQ76PL455A-Q1 Use Models

OPEN CONNECTOR
). Y
()

« Bridge mode

12V+

— bq76PL455A-Q1 used as a Rt
communications bridge from host micro-
controller to one or more stacked devices -
in daisy-chain mode = et
— VP supplied from bg76PL455A-Q1 = e o
regulator $
— VIO supplied by MCU VDDIO Joe= -
— In this example, TOP input = 12 — 20V W 23y e
» To support greater than 20V input, additional | zﬁm'affzfm'gﬁfﬁﬁfg
resistors will be required in the ladder below  conrroLLER .
to ensure the max VSENSE input voltage on ~ BOARD el

each input does not exceed 5.5V.
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BQ/6PL455A-Q1 UART Frame

» Single Device
— DEV ADDR/ GRP ID holds Device Address
— w/response, Data field holds Number of response bytes -1 (LSB)

Single Device Write | FRAME INIT[7:0] | DEVADDR/ | REG ADDR CRC
CHANNELS register 7164 ]3| 20 [|CGRPID

(OXFFFF0000 — 16 cell

inputs only)

Command 1 001 O 100 00 FFFFO000 51EE
Single Device Read FRAME INIT[7:0] DEV ADDR/ REG ADDR DATA
CHANNELS register GRPID

Command 1 010 O o010 01 68CD
Response O 000 0 01 FFFFO000 4424
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BQ/6PL455A-Q1 UART Frame

* Group
— DEV ADDR/ GRP ID holds group 1D

— w/response, Data field holds Address of highest responder (MSB), Number of response
bytes -1 (LSB)

Group Write CHANNELS DEVADDR/ | REGADDR | DATA
register (OxFFFF0000 - 16 [KARYIIEBIEE i
cell inputs only)

Command 1 011 0 100 01 FFFFO000 B1FE

GRP ID

register
Command 1 010 0 010 0003 4824
Response 0 000 0 0o11 FFFFO000 4424
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BQ/6PL455A-Q1 UART Frame

« Broadcast
— DEV ADDR/ GRP ID not used
— w/response Data field holds Address of highest responder (MSB), Number of response
bytes -1 (LSB)

Broadcast Write FRAME INIT[7 0] DEV ADDR/ REG ADDR CRC
CHANNELS register 2l 6a |3] 20 GRP ID

(OXFFFFO000 — 16 cell

inputs only)

Command 1 111 0 001 N/A FFFFOO000 5105
CHANNELS register GRP 1D

Command 1 110 0 010 0103 87E9
Response 0 000 0 011 FFFFO000 4424
Response 0 000 0 011 FFFFO000 4424
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BQ76PL455A-Q1 Configuration

 Typical configuration steps:
— Interface activation
— Device addressing
— Channel configuration
— Balancing configuration
— Fault detection and notification
— Clear faults
— Configuration storage to non-volatile memory (only once at production)

« Configuration settings can be stored to on-board non-volatile memory
— Configuration typically stored at pack assembly time
— Configuration checked as part as “in-vehicle” testing
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BQ76PL455A-Q1 Sampling

« Sample and send example
[& scicoc Logic 11,15 - [Connected - [16 MH= 108 Sampies]

e
0 - 455 BX m-‘,_-

AR

» Customer typically use sample and store method, do pack measurements during cell
sample period, then read stored data later
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BQ76PL455A-Q1 Communication

COMMH+

» External circuit
— On same PCB

TVS Diode (2)

COMMH-

— Via twisted pair cable

100 1nF 100
UP-STACK, HIGHER VOLTAGE

COMML+

TVS Diode (2)

COMML-

| PCB #1

COMMH+

Tvs Diode (2) A

<

y 470pH

COMMH-
10Q

100pH

| | Tw. Pair Cable | |

~100Q

n
UP-STACK, HIGHER VOLTAGE

&

PCB #2

Common-mode

100pH

— Values shown used in BCI testing with 16 ICs, 1m cable

— Values can be adjusted for additional filtering in extreme conditions

Choke

470uH

10Q

COMML+

A 7vs Diode (2)

’Z@

COMML-

* 2 Common-Mode Chokes (100uH and 470uH) are recommended for best performance in noisy

environments

+ Ultra-low capacitance TVS diodes should be selected
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BQ76PL455A-Q1 Layout Considerations

e Layout
— To ensure the best possible accuracy performance, it is recommended to follow some
basic layout guidelines for the bq76PL455-Q1 to provide best EMI and BCI
performance' Keep all signal Traces on
— An unbroken ground p|ane Top and Bottom Layers Middle Layers
layer as part of a 4 or more
layer board is recommended

— AIlAGND, DGND, CGND
connections made directly to o
the plane.

— The common GND planes areg
star connected directly to
BATO.

-

g -
2 Wy

\ = COMML

CGND|e

i
o
L
.,

BATO BATO
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BQ76PL455A-Q1 Functional Safety A tovRheiniand®

Precisely Right.

Summary

The evaluation came to the result that the batiery monitoring 12 BQYGFPL455A-C1
manufactured by Texas Instruments can be seen as qualified In accordance with
IS0 26262-8, Clause 13.

r Hence the IC can be used in safety related applications for “over voltage monitoring”™ and ‘I
: “over temperature monitoring” up to ASIL C according to 1SO 26262

---------------------------------------------------'

Important pre-reguisites:

- The fault line (FALLT_N) can only be used for safety related purposes if each single

source that can tngger the FAULT_ M signal (each single window comparator) is tested
within the FTTI of the safety goal.

- Host controllers that are connected to the communication interface with the ability to

change internal thresholds (e.g. for testing purposes) needs to be developed according
to the ASIL of the safety goal.

- The component has to be integrated and used according to the reguirements of the
user’'s documentation (including data sheet and safety manual).
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BQ76PL455A-Q1 EV/HEV 16-Cell BMS with TiDésigns

Passive Cell Balancini TIDA-00717
Features Benefits

Stackable monitor and protector for use in large format Lithium- = Helps systems to provide accurate state of charge and
g)onmbnigﬁiréiig;]a;t provides monitoring, balancing, and et af sl el At
i = Upto 16 bq76PL455A-Q1 EVM modules can be stacked.

= Highly accurate monitoring of 16 Li-ion cells )
= Integrated protector = Can withstand hot-plug

= Engineered for High System Robustness = Passes Bulk Current Injection (BCI) Test
= 1-Mb/s Stackable Isolated Differential-UART = IC Helps Achieve High Levels of Functional Safety

= Cell balancing, diagnostics, and module to controller
communication.
= Open Wire Detection

System Level View

bq76PL455A-Q1 EVM

2030009084000 0004

vvvv

=
a
= -
-
-
=
=
=
-
—
=
-
-
-~
=

CELL BALANCING CIRCUITS
LP FILTERS - PROTECTION

3

)

sssss

Ot

TI Confidential -
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http://www.ti.com/tidesigns

Thanks!
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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